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,QWURGXFWLRQ
:LWKWKHHYROXWLRQRIWKHUHVLGHQWLDODUHDWRWKHLQWHOOLJHQWGLUHFWLRQDQGWKHJURZLQJGHPDQGIRUWKHOLYLQJ
HQYLURQPHQW LPSURYLQJ WKH FRQVWUXFWLRQ ,QWHOOLJHQW &RPPXQLW\ KDV EHFRPH DQ LPSRUWDQW WDVN $XWRPDWLF
PHWHUUHDGLQJV\VWHPLVDQLQGLVSHQVDEOHSDUWRILQWHOOLJHQWUHVLGHQWLDOFRQVWUXFWLRQ$XWRPDWLFPHWHUUHDGLQJ
V\VWHPVPDLQO\LQFOXGHSDOPZLUHGDQGZLUHOHVVPHWHUUHDGLQJV\VWHP&RPSDUHGWRWKHFDEOHPHWHUUHDGLQJ
V\VWHP FRPSOH[LW\ DQG KDQGKHOG PHWHU UHDGLQJ V\VWHP RI ORZ DXWRPDWLRQ ZLUHOHVV PHWHU UHDGLQJ V\VWHP
UHGXFHVWKHFRQVXPSWLRQRIPDQSRZHUDQGPDWHULDOVDQGWKHV\VWHPKDVWKHDGYDQWDJHVRIVLPSOHVWUXFWXUH
HDV\WRUHDOL]H>@7KHGRPHVWLFH[LVWLQJZLUHOHVVPHWHUUHDGLQJV\VWHPVZKLFKZHNQRZYHU\ZHOODUHPDLQO\
EDVHGRQWKHWHOHFRPPRELOHQHWZRUNDQGPRELOHSKRQHWHUPLQDOLVQHHGHGLQWKHGHYHORSPHQWGDWDPRGXOH
IRUGDWDUHFHLYLQJDQGSURFHVVLQJ7KH\DOOKDYHODUJHSRZHUFRQVXPSWLRQDQGKLJKFRVW$QRWKHUEDVHGRQD
VPDOO UDQJHRIZLUHOHVVPHWHU UHDGLQJ V\VWHP UHTXLUHV WKHGHYHORSPHQWRI WDEOH HQGZLUHOHVVPRGXOH DQG
UHVLGHQWLDO URRIZLUHOHVV WUDQVFHLYHU V\VWHP FRPPXQLFDWLRQ DQG VSHFLDOL]HG SHUVRQQHO IRUPHWHU UHDGLQJ D
ZDVWHRIKXPDQDQGSRRUUHOLDELOLW\>@
%DVHGRQWKLVZHSURSRVHDPHWKRGEDVHGRQWKH1*%ZLUHOHVVDXWRPDWLFPHWHUUHDGLQJV\VWHPWKURXJK
WKH 670) DQG 1RUGLF5)/ GHVLJQ RI ZLUHOHVV FKDQQHO WKH ORZ SRZHU FRQVXPSWLRQ FRQGLWLRQ
FRPSOHWHO\ DXWRPDWLFPHWHU UHDGLQJ DXWRPDWLF FKDUJLQJ DQG FRQVXPHUV FDQXVH WKH UHPRWH FRQWUROOHU DQG
WHOHYLVLRQIRUWKUHHWDEOHGDWDSUHYLRXVSD\PHQWDQGELOOVDQGRWKHULQTXLULHV
7KHRYHUDOOGHVLJQRIV\VWHP
6\VWHPRYHUYLHZ
7KH1*%EDVHGZLUHOHVVDXWRPDWLFPHWHUUHDGLQJV\VWHPZKLFKLQQRYDWLYHO\XVHVWKHIHHGEDFNIXQFWLRQRI
QH[WJHQHUDWLRQRIEURDGFDVWLQJXVLQJLQWHOOLJHQWVHWWRSER[DJHQHUDOSXUSRVHFRPSXWHUV\VWHPDWZRZD\
GLJLWDOWHOHYLVLRQQHWZRUNDQGGDWDEDVHWHFKQRORJ\WRRYHUFRPHWKHWUDGLWLRQDOZLUHOHVVPHWHUUHDGLQJV\VWHP
ZLWKKLJKFRVWKLJKSRZHUFRQVXPSWLRQDQGWKHSUREOHPRIZDVWHRIUHVRXUFHVDFKLHYHVWKHWKUHHWDEOHVRI
GDWDFROOHFWLRQSURFHVVLQJWUDQVPLVVLRQDQGVWRUDJH
7KHV\VWHPLVPDLQO\FRPSRVHGRI WKUHH WDEOH LQIRUPDWLRQDFTXLVLWLRQGHYLFH LQIRUPDWLRQUHFHLYLQJDQG
WUDQVPLWWLQJ GHYLFH DQG LQIRUPDWLRQ SURFHVVLQJ GHYLFH 7KH LQIRUPDWLRQ DFTXLVLWLRQ GHYLFH LQFOXGHV WKUHH
WDEOHVFROOHFWLQJPRGXOHDQGDZLUHOHVVPRGXOH7KHLQIRUPDWLRQUHFHLYLQJDQGWUDQVPLWWLQJGHYLFHFRPSULVHV
DZLUHOHVVPRGXOHDQGGLJLWDOWHOHYLVLRQVHWXSER[7KHLQIRUPDWLRQSURFHVVLQJGHYLFHLVWKHGLJLWDOWHOHYLVLRQ
XVHULQIRUPDWLRQDQGEXVLQHVVPDQDJHPHQWV\VWHP7KHRYHUDOOVWUXFWXUHLVVKRZHGLQ)LJ

)LJIUDPHGLDJUDPRIV\VWHP
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7KH V\VWHP XVHV WZR NLQGV RI UHDGLQJ DFWLYH DQG SDVVLYHPHWHU UHDGLQJPHWHU UHDGLQJ$FWLYH UHDGLQJ
PHWKRG7KHORZHUPRGXOHRIDWLPLQJDFTXLVLWLRQPHWHUIORZDQGDEQRUPDOLQIRUPDWLRQWUDQVIHULQIRUPDWLRQ
WR WKHXSSHUPRGXOH WKURXJK WKHZLUHOHVVPRGXOH WKHXSSHUPRGXOHSURFHVV WKH LQIRUPDWLRQDQGFDOFXODWH
FRVWV WKURXJK GLJLWDO WHOHYLVLRQ LQIRUPDWLRQ DQG EXVLQHVV PDQDJHPHQW ELOOLQJ DQG PDQDJHPHQW V\VWHP
3DVVLYH UHDGLQJPHWKRG:KHQ WKH XSSHUPRGXOH UHFHLYHV D XVHU UHDGLQJ LQVWUXFWLRQ WKURXJK WKH ZLUHOHVV
FRPPXQLFDWLRQEHWZHHQ WKHPRGXOHV LW VHQGV LQVWUXFWLRQ WRGRZQ OD\HUPRGXOH WKH ORZHUPRGXOHFROOHFWV
WKHPHWHUGDWDDQGUHWXUQEDFNWRWKHXSSHUPRGXOHDFFRUGLQJ WRWKHUHFHLYHGLQVWUXFWLRQWKHXSSHUPRGXOH
ZLOOWUDQVSRUWWKHUHFHLYHGPHWHUGDWDWRWKHLQIRUPDWLRQSURFHVVLQJGHYLFHZLWKGLJLWDO79VHWWRSER[>@
:RUNSULQFLSOHRIV\VWHP
7KHLQIRUPDWLRQDFTXLVLWLRQGHYLFHXVLQJWKHFROOHFWLRQPRGXOHLQVWDOOHGRQWKUHHWDEOHVVLGHVFROOHFWVWKH
WKUHHWDEOHVIORZLQIRUPDWLRQDQGWKUHHWDEOHVLGHVH[FHSWLRQLQIRUPDWLRQ
7KHLQIRUPDWLRQWUDQVPLWWLQJDQGUHFHLYLQJGHYLFHZLOOUHFHLYHWKHDERYHWKUHHWDEOHLQIRUPDWLRQZLUHOHVVO\
DQG WUDQVSRUW WKHVHPHVVDJHV WR LQIRUPDWLRQ SURFHVVLQJ GHYLFH WKURXJK UDGLR DQG WHOHYLVLRQ FDEOH WZRZD\
QHWZRUN
7KH LQIRUPDWLRQ SURFHVVLQJ GHYLFH DV WKH LQIRUPDWLRQ SURFHVVLQJ FHQWHU RQ LQWHUQHW SURFHVVHV WKH
PHVVDJHV DQG FDOFXODWHV WKH PHWHU FRVWV DQG WUDQVPLWV LW WR WKH GLJLWDO 79 VHWWRS ER[ RI WKH LQIRUPDWLRQ
WUDQVPLWWLQJDQGUHFHLYLQJGHYLFHWKHXVHUFDQGLVSOD\UHDOWLPHTXHU\LQIRUPDWLRQ
6\VWHPKDUGZDUHGHVLJQRIPHWHUUHDGLQJWHUPLQDO
6\VWHPRIWKHVKRUWGLVWDQFHZLUHOHVVWUDQVPLVVLRQV\VWHPPDLQO\FRQVLVWVRIWZRZLUHOHVVPRGXOHVRQHLV
LQ WKH LQIRUPDWLRQ DFTXLVLWLRQ GHYLFH UHFHLYLQJ WKH PHWHU UHDGLQJ LQVWUXFWLRQ RI WKH XSSHU PRGXOH IRU
WUDQVPLWWLQJWKHDFTXLVLWLRQPHWHULQIRUPDWLRQRIDFTXLVLWLRQHQGRQHLV LQWKHLQIRUPDWLRQWUDQVPLWWLQJDQG
UHFHLYLQJGHYLFH WRSDVV WKHXSSHU WUDQVPLVVLRQPHWHU UHDGLQJ LQVWUXFWLRQ WR WKH ORZHUPRGXOHDQGUHFHLYH
WKHORZHUPRGXOHUHWXUQWRWKHVXSSO\LQIRUPDWLRQ
7KH V\VWHP XVHV D ORZ SRZHU EXW KLJK SHUIRUPDQFH PLFURSURFHVVRU 670) DQG ZLUHOHVV FKLS
1RUGLF5)/WRGHVLJQRIVKRUWGLVWDQFHZLUHOHVVWUDQVPLVVLRQV\VWHP
7KHPLFURSURFHVVRUVWPIZLWKWKH&RUWH[0NHUQHOKDVWKHDGYDQWDJHVRIORZSRZHUFRQVXPSWLRQ
ORZYROWDJHDQGKLJKSHUIRUPDQFHFKDUDFWHULVWLFVDWWKHVDPHWLPHZLWKDKLJKGHJUHHRILQWHJUDWLRQDQGHDV\
GHYHORSPHQWDGYDQWDJH>@
7KHZLUHOHVVFKLS1RUGLF5)/DQHZVLQJOHFKLS5)WUDQVFHLYHUFDQRSHUDWHLQWKH*+]a*+]
,60EDQGEXLOWLQIUHTXHQF\V\QWKHVL]HUSRZHUDPSOLILHUFU\VWDORVFLOODWRUPRGXODWRUDQGRWKHUIXQFWLRQDO
PRGXOHV ZLWK WKH LQWHJUDWLRQ RI HQKDQFHG 6KRFN%XUVW WHFKQRORJ\ LQ ZKLFK WKH RXWSXW IUHTXHQF\ DQG
FRPPXQLFDWLRQFKDQQHOVFDQEHFRQILJXUHGWKURXJKWKHSURFHVV7KHWUDQVFHLYHUKDVORZSRZHUFRQVXPSWLRQ
ZKHQ ODXQFKLQJ WKH ZRUNLQJ FXUUHQW LV RQO\ P$:KHQ UHFHLYLQJ WKH ZRUNLQJ FXUUHQW LV RQO\ P$
0XOWLSOH ORZ SRZHU PRGXOHV SRZHU RII PRGH DQG DQ LGOH PRGH DOORZV WKH HQHUJ\VDYLQJ GHVLJQ PRUH
FRQYHQLHQW>@
6KRUW GLVWDQFH ZLUHOHVV WUDQVPLVVLRQ V\VWHP LV VKRZHG LQ )LJ  63, VHULDOV DUH XVHG IRU OLQNLQJ WKH
FRQWUROOHUDQGFKLS
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
)LJVKRUWGLVWDQFHZLUHOHVVWUDQVPLVVLRQV\VWHP
$V VKRZQ DERYH WKH OHIW VLGH FRQQHFWV ZLWK WKH WKUHH WDEOHV¶ DFTXLVLWLRQ HQG IRU FROOHFWLQJ PHWHU
LQIRUPDWLRQ WKH ULJKW VLGH FRQQHFWV ZLWK WKH GLJLWDO 79 VHWWRS ER[ IRU UHFHLYLQJ WKH LQVWUXFWLRQ IURP WKH
XSSHU PRGXOH 0RGXOH RQ WKH ULJKW VLGH VZLWFKHV RQ WKH GLJLWDO 79 VHWWRS ER[ XVLQJ WKH ER[¶V H[LVWLQJ
LQWHUIDFHDFFHVVZKLOHWKHXVHULQWHUIDFHZLOOIROORZWKHWUDGLWLRQDO79LQWHUDFWLYHSD\PHQWV\VWHPJRRGXVH
RIH[LVWLQJUHVRXUFHV
7KHVRIWZDUHGHVLJQRIWKHV\VWHP
7KHXSSHUPRGXOHVRIWZDUHGHVLJQ
7KHXSSHUPRGXOHLVGLYLGHGLQWRWZRDVSHFWV
2QHDVSHFW WKH V\VWHPWDNHV WKHGLJLWDO79VHW WRSER[ LQWHUIDFHSURJUDPGHYHORSPHQW IRU WKHZLUHOHVV
PRGXOHGLUHFWO\ZLWK67%H[LVWLQJ LQWHUIDFH WR UHDOL]H LQWHUFRQQHFWLRQ WRSURYLGHDFRQYHQLHQW7KH VHFRQG
GHYHORSPHQW LV WKHQHHG IRU VHWWRSER[ DSSOLFDWLRQ SURFHVVLQJ WKH UHFHLYHGGDWD LQIRUPDWLRQ DQG WKURXJK
ZLUHGUDGLRDQGWHOHYLVLRQFDEOHWZRZD\WUDQVPLVVLRQQHWZRUNIRUWUDQVPLVVLRQWRWKHLQIRUPDWLRQSURFHVVLQJ
GHYLFH%DFNHQGELOOLQJSODWIRUPVRIWZDUHGHYHORSPHQWLVDOVRQHHGHG
2QWKHRWKHUKDQGZKHQWKHV\VWHPLVSRZHUHGXSWKH1RUGLF5)/VWDWXVZRUGLVLQLWLDOO\FRQILJXUHG
7KH VHWWRS ER[ LQWHUIDFH HQG RI WKH PLFURFRQWUROOHU UHFHLYHV WKH PHWHU UHDGLQJ LQIRUPDWLRQ VHQG E\ WKH
LQIRUPDWLRQSURFHVVLQJGHYLFHDQGWUDQVPLWVLQVWUXFWLRQWRWKHLQIRUPDWLRQDFTXLVLWLRQGHYLFHZLWKWKHPRGH
RI ZLUHOHVV FRPPXQLFDWLRQ ,I WKH ORZHU PRGXOH GRHV QRW UHWXUQ RU UHWXUQ HUURU LQIRUPDWLRQ WKH XSSHU
1RUGLF5)/UHVHQGWKHGLUHFWLYH>@
7KHORZHUPRGXOHVRIWZDUHGHVLJQ
)LUVW DFWLYDWH WKH ORZHUPRGXOHZKHQ WKHXSSHUPRGXOH VHQGV WKHPHWHU UHDGLQJ LQVWUXFWLRQ WKHPLFUR
FRQWUROOHUILUVWFKHFNVWKHDGGUHVVPDWFK,IWKHHUURUWKHQFRQWLQXHWRZDLWIRUWKHQHZLQVWUXFWLRQ,IFRUUHFW
WKH XSSHU PRGXOH FRPPDQG LV VHQW WR WKH PHWHU DQG WKH DFTXLVLWLRQ GHYLFH FROOHFWV PHWHU GDWD $IWHU
UHFHLYLQJGDWD WKH ORZHUPRGXOH UHWXUQVGDWDEDFN WR WKH WRS WKURXJK1RUGLF5)/5) WUDQVFHLYHU DQG
WKHQFRQWLQXHWRZDLWIRUWKHXSSHUPRGXOHLQVWUXFWLRQ
:LUHOHVVFRPPXQLFDWLRQSURWRFRO
%HFDXVHWKHMRELVLQLQGRRUUDGLRHQYLURQPHQWWKHZLUHOHVVHQYLURQPHQWLVPRUHFRPSOH[VRWKHUHOLDEOH
ZLUHOHVV FRPPXQLFDWLRQZLOO EH GHSHQGHQW RQ WKH KLJK UHOLDELOLW\ RIZLUHOHVV FRPPXQLFDWLRQ SURWRFRO:H
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ZLOOGHYHORSWKHFRPPXQLFDWLRQSURWRFRODFFRUGLQJWRWKHUDGLRFKDQQHOFKDUDFWHULVWLFVRIWKHWHVWLQFOXGLQJ
WKHIUDPHVWUXFWXUHHUURUFRUUHFWLRQPHWKRGVDFFHVVPHWKRGVKDQGVKDNHHWF>@
6\VWHPDGYDQWDJHV
x7KUHH WDEOH HQGV DGRSWV DPLQLDWXUH EDWWHU\ SRZHU VXSSO\ VR WKH VHDO JUHDWO\ UHGXFHV ULVN0LQLDWXUH
EDWWHU\ SRZHU VXSSO\ QHHG RQO\ FLUFXLW ZRUN YHU\ ORZ FXUUHQW VR WKH EDWWHU\ FDQ ZRUN FRQWLQXRXVO\ IRU
VHYHUDO\HDUVZLWKRXWFKDQJH
x8VLQJ WKH H[LVWLQJ KLJK TXDOLW\ KLJK WUDQVPLVVLRQ UHOLDELOLW\ RI UDGLR DQG WHOHYLVLRQ  FDEOH WZRZD\
WUDQVPLVVLRQV\VWHPWKHRSHUDWLRQFRVWLVJUHDWO\UHGXFHGDQGWKHUHVRXUFHVLVJUHDWO\VDYHG
x6PDUW WHUPLQDO RIZLUHOHVV WUDQVFHLYHUPRGXOH FDQEHGRQHYHU\ ORZSRZHU FRQVXPSWLRQ%HFDXVH WKH
KRPHEDVHGRQZLUHOHVVFRPPXQLFDWLRQQHWZRUNUDQJHVKXQGUHGVRIPHWHUVWRVHYHUDONLORPHWHUVEXWEDVHG
RQ&$79QHWZRUNIRUZLUHOHVVWUDQVPLVVLRQGLVWDQFHLQRQO\RQHIDPLO\UDQJHVRWKHWUDQVPLVVLRQSRZHULV
UHGXFHGJUHDWO\
x7KH V\VWHP SURYLGH VRPH VXEVWDQWLYH DSSOLFDWLRQV IRU WKH UDGLR DQG WHOHYLVLRQ 1*% DQG SURYLGHV
UHVHDUFK EDVLV DQG IHDVLELOLW\ YHULILFDWLRQ IRU UDGLR DQG WHOHYLVLRQ VHUYLFHV +RPH 1HWZRUNLQJ QDPHO\ IRU
EURDGFDVWLQJDQGWHOHYLVLRQQHWZRUNEXVLQHVVGHYHORSPHQWWRSURYLGHDVWDUWLQJSRLQW>@
&RQFOXVLRQ
)DFLQJ WKH 1*% IDPLO\ ,QWHUQHW DSSOLFDWLRQ HQYLURQPHQW WKLV SDSHU SXWV IRUZDUG D ZLUHOHVV DXWRPDWLF
PHWHU UHDGLQJ V\VWHP LQFOXGLQJ LQIRUPDWLRQ FROOHFWLRQ WUDQVPLVVLRQ DQG SURFHVVLQJ GHYLFH WKURXJK D
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